The wolf (Canis lupus) population in Finland is recolonizing its former range after an absence of about 100 years. During its absence, the boreal forest environment has been significantly altered by humans and has become a patchwork of managed forests and human-modified areas. Wolf recolonization has raised a need for information on the potential occurrence of wolf home ranges and habitat requirements. We used a logistic regression to compare a set of habitat features inside 20 known minimum convex polygon (MCP) home ranges of wolves in Finland with the same habitat features in random areas. Wolves tended to show strong avoidance of direct human presence. There did not appear to be a large difference in the occurrence of different forest types between wolf home ranges and random areas. An independent sample of ten wolf home ranges was used to evaluate the probabilities of wolf occurrence predicted by the models. According to our model, 90% of these home ranges had a probability of occurrence greater than 0.50. We also used logistic regression to compare the habitat composition of 50% kernels inside the MCP home ranges. The tendency to avoid human presence was also evident in smaller scale habitat selection.
Introduction
Mobile and elusive animals such as large carnivorous mammals need vast areas with low human disturbance (Woodroffe 2000 , Proctor et al. 2005 , Nellemann et al. 2007 . Human disturbance is a function of human density, and boreal regions in Europe, for example, might therefore provide the most appropriate area for the successful protection of such animals. On the other hand, productivity of the environment not only affects human density but also the abundance of wildlife. Large predatory mammals compensate for low prey biomass by increasing mobility and the size of their home range. Therefore, the territories of wolves (Canis lupus), for example, are larger in boreal than temperate-vegetation zones (Fuller 1989 , Okarma et al. 1998 .
Protected areas in Europe are small and large carnivores have to extensively share their living space with humans (Linnell et al. 2001) , which raises the issue of large carnivore-human conflict in the conservation management of large carnivore populations. In Fennoscandia, the primary reason for the presently small number of wolves is presumably wolf-human conflicts, including wolf predation on semi-domesticated reindeer herds in northern parts of Norway, Sweden and Finland and on sheep flocks especially in Norway, as well as wolf attacks on dogs, a problem that concerns all Nordic countries (Kojola & Kuittinen 2002 , Skonhoft 2006 , Karlsson et al. 2007 , Bisi et al. 2007 , Kojola et al. 2009 , Tønnesen 2010 . The presence of wolves in areas where they have been absent for a hundred years has caused concern among people living in these areas, and the wolf is seen as a foreign invader when it is actually native to the area. Their presence intensifies the feeling that wolves do not belong near human settlements containing families and domestic animals, but in the wilderness, where their activities are of no concern to people (Hiedanpää 2013) . A recent survey on the wolf issues in Finland revealed that one of the main concerns among people is the presence of wolves near their homes, and the possibility of wolves habituating to human presence and becoming bold enough to approach human settlements (Suomen Riistakeskus 2014) .
The wolf population in Finland fluctuated considerably in the past 15 years. The population increased from an estimated 130-140 wolves in 1995 to approximately 250 by the end of 2006, when it peaked after a 10-year increase and expansion. Thereafter, the wolf population in Finland decreased by 40% by 2011, when the winter census revealed 135-145 animals . The estimated winter population has since declined even further and was approximately 120-135 wolves in the winter of 2013. There are no biological reasons for the decline, as the roe deer and moose populations are sufficiently dense and there have been no signs of lethal diseases . Legal removals are concentrated in northern Finland, where wolves cause damage to semi-domesticated reindeer (Rangifer tarandus) herds. No formal analysis on the role of poaching has been performed, but as in Scandinavia (Liberg et al. 2012) , illegal killing has a substantial impact on Finland's wolf population, and might even influence habitat use by wolves and their spatial distribution in the country. Nevertheless, the distribution range of the reproductive wolf population has remained relatively stable, despite the decreasing number of family packs, and the potential for a rapid revival exists.
The goal of the present study was to develop models of territory site selection by wolves using detailed information on the species, human presence, and habitats, and to evaluate the reliability of these models in predicting the occurrence of wolf territories over a broad spatial extent, as well as to model the selection of the highest use areas inside the broad-scale home ranges. We first designed a set of models and compared their fit using radio and GPS-GSM tracking data and landscape information for the breeding wolf population in Finland outside the reindeer management area. The model predictions were then spatially extrapolated and the predictive accuracy of the models was evaluated using an additional dataset.
Material and methods

Study area
The study area (ca. 210 000 km 2 ) comprised southern and central Finland outside the reindeer management area (MRA), and excluding the Åland archipelago. Almost all of the study area belongs to the mildly continental part of the mid-boreal coniferous forest zone, and only the southernmost areas of Finland are an intermediate between boreal forests and the temperate forests of central Europe (Ahti et al. 1968) . Forests cover about 80% of the land area and commercial forests make up about 93% of the total forested land area. Lakes and mires are common, but about half of the nine million ha of peatland have been drained for forestry purposes (Finnish Forest Research Institute 2005) . As a result of extensive logging, young successional mixed forests are common (Finnish Forest Research Institute 2005) . Approximately 65% of forests in Finland are dominated by pine (Pinus sylvestris), 23% by spruce (Picea abies) and 9% by birch (Betula spp.) (Kaartinen 2011) .
Territory data
We used data on 25 radio-collared (Televilt Tellus GPS 2 D, Followit AB, Lindesberg, Sweden or Vectronic GPS Plus 2, Vectronic Aerospace GmbH, Berlin, Germany) wolves (10 females and 15 males) marked in 2000-2012. The collaring procedure is described in detail elsewhere (Kojola et al. 2004) . Five of the study wolves were breeding with another marked individual and their positions were plotted together. We based our analysis on the packs that had had at least one litter, and the data therefore consisted of 20 territories in total (Fig. 1) . Home range areas were determined both as 100% minimum convex polygons (MCP, Mohr 1947 ) and 50% kernels (fixed smoothing factor 5000, output cell size 50 m) (Worton 1989 , Kernohan et al. 2001 . We used 100% to represent the whole possible home range area as we also wanted to include extra-territorial movements and unused matrix inside the home range into the evaluated area. The 50% kernel represented the areas of high use by wolves (Ripple et al. 2001) . The mean home range size (MCP) was 1750 km 2 (range 621-3868 km 2 ) and the mean 50% kernel home range size was 128 km 2 (range 63-425 km 2 ). The number of positionings used in the territory size estimation ranged from 416 to 5415 per individual, with 44 002 positionings in total. The majority of home ranges overlapped spatially, but not temporally, with another home range, as the wolf population in Finland has clustered in the east-central part of the country.
Randomization of non-pack areas
Geographic information system (GIS) data management and mapping was performed with ArcGIS 10.1 (ESRI, Redlands, California). Twenty non-pack areas were sampled in mainland Finland outside RMA using Geospatial Modelling Environment 0.7.2.1.RC2 (Beyer 2012) (Fig. 1) . Sampling was carried out without replacement but allowing overlap with study home ranges. These non-pack areas were roundshaped areas of 1750 km 2 , i.e. the mean home range size of the MCP estimation. Overlap with study home ranges was allowed to maintain the trend of wolf territories being clustered in east-central Finland and therefore also to preserve the geographical distribution of landscape characteristics in the study. This might result in bias and incorrect logistic regression coefficients (see Johnson et al. 2006) . Nevertheless, as wolves are highly capable of dispersing over very long distances, the whole study area (i.e. Finland, except for the RMA) can be assumed to have been available for each of the marked individuals to occupy as their home range. Therefore, the pattern of home ranges being biased in east-central Finland can be assumed to also have ecological significance.
Human inhabitant data and habitat categories
Landscape variables were selected to represent both human habitation and the main habitat types in Finland (Table 1 ). The principal units employed here to represent human habitation (variable 'people') were the 250 ¥ 250 m grid cells defined in the data produced by Statistics Finland (Statistics Finland 2013) . The cells contain register-based information on the population, independent of any administrative units (Rusanen et al. 2003) . For the purposes of this study, the cells were classified into two classes: cells with and without people living inside them.
Habitat data were based on the CORINE Land Cover 2006 database provided by the Finnish Environment Institute (SYKE) as part of the European CORINE2006 Land Cover project, and Multi-source National Forest Inventory data (MS-NFI) from the Finnish Forest Research Institute (Metla), combining field data, satellite imagery and other data sources. The 25 ¥ 25 m resolution CORINE data used in this study comprised five classes of land cover: (1) human-influenced land, (2) deciduous and mixed forests > 30 years old, (3) coniferous forests > 30 years old (4) open, and (5) water (Table 1) . Human-influenced land comprises all the built-up land including roads, settlement areas and agricultural land. The Open variable includes open woodlands and mires (Table 1 ). The database covers the whole country and has a minimum mapping unit of 25 ha. It is based on the automated interpretation of satellite images and data integration with existing digital map data. The accuracy of the database is rather good (for details, see SYKE 2009). The age class of the < 30-yearold forest stands was derived from the MS-NFI data. We used NFI9 data from 2009 and NFI11 data from 2011, so that we obtained the correct categories for different age groups for the home ranges in different years. We used three forest age classes in this study for young forest stands and cut blocks: (a) cut blocks ≤ 5 years old, (b) cut blocks 5-15 years old, and (c) forest stands 15-30 years old (Table 1) .
Statistical analysis and modelling process
Our habitat selection analysis was based on information-theoretic (IT) methods, in which hypotheses are first specified and mathematically formulated and these hypotheses are then ranked according to their parsimony (Johnson & Omland 2004 , Rushton et al. 2004 , Greaves et al. 2006 , Klar et al. 2008 . We designed a set of candidate models of the occurrence of wolf territories based on the following general hypotheses: (1) wolves avoid areas where human presence is continuous (Mladenoff et al. 1995 , 1999 , Theuerkauf et al. 2003 , Karlsson et al. 2007 ); (2) wolves seek areas where there is sufficient forest cover (Mladenoff et al. 1995 , 1999 , Massolo & Meriggi 1998 , Theuerkauf et al. 2003 , Karlsson et al. 2007 ; and (3) densities of moose (Alces alces), the primary prey, are highest in areas dominated by mixed forests and young successional forests (Nikula et al. 2004 , Edenius et al. 2002 . Road density was taken as indicative of human presence in the area in many wolf habitat studies and wolves generally avoid areas with high road densities (Mladenoff et al. 1995 , 1999 , Wydeven et al. 2001 , Gurarie et al. 2011 . In this study, roads were included into the 'human influence' variable through the CORINE data. We did not consider road density directly, as we used the variable 'people', which represents human presence. Preliminary assessment of the data showed that road density is highly correlated with the 'people' variable.
To identify any multi-collinearities between variables, we conducted Spearman's pairwise correlation analysis and calculated the variance inflation factor (VIF) values for the full model before modelling (Zuur et al. 2010) . First, we dropped any variable with a strong correlation (|r| > 0.6) (Green 1979 , Fielding & Haworth 1995 , Sawyer et al. 2006 , Klar et al. 2008 , and after this we calculated VIF values and sequentially dropped the covariate with the highest VIF. VIFs were then recalculated, and this process was repeated until all VIFs were smaller than a threshold value (Zuur et al. 2010) . In this study, we used a VIF threshold value of 2 to avoid nonsignificant parameter estimates (Zuur et al. 2010) .
Logistic regression together with Akaike's Information Criterion (Akaike 1973 ) corrected for small sample sizes [AIC c (Hurvich & Tsai 1989) ] was used to model the important habitats for wolf packs when selecting their territory in the study area. We based the selection of the best approximating models on the ΔAIC c values, which were calculated as the differences between the current and minimum observed values of AIC c (Burnham & Anderson 2002 . Models with ΔAICc > 2 were considered not to fit the data (Burnham & Anderson 2002 , Grueber et al. 2011 ). Akaike weights (w i ) and evidence ratios (w 1 /w i , where w 1 is the Akaike weight of the best-fitting model) for all models were also calculated. We used the IT model averaging approach, a method suggested by Burnham and Anderson (2002) to quantify the evidence for the importance of each variable, because there was considerable model selection uncertainty in our data. The IT approach accounts for this uncertainty to obtain robust parameter estimates or predictions (Grueber et al. 2011) . Akaike weights across all the models where individual variables occurred were summed to obtain the relative importance of the variables (Grueber et al. 2011 ). We used model averaging to produce the best model, including aspects of a number of models (Greaves et al. 2006) . Parameter estimates, their standard errors and confidence intervals in the set of best approximating models were examined to assess the reliability of each variable as a predictor of the occurrence of a wolf territory. Statistical analyses were carried out using R 3.0.2 (R Development Core Team 2014) with the package MuMIn (Bartoń 2009 ).
We performed the modeling in two parts. First, we included 20 MCP home ranges and 20 random areas to model the probability of occurrence of a breeding territory in Finland outside the RMA. Second, we modeled the differences in habitat composition between 50% kernel and 100% MCP home ranges for all 20 packs.
Model evaluation
We evaluated the accuracy of habitat predictions using an independent sample of ten home ranges not used for model fitting for an MCP homerange selection model.
We also used the MCP home-range selection model to build predictive maps of wolf territory locations in the study area. We calculated the predicted probabilities for the existence of a wolf territory in 10 ¥ 10 km squares to determine all the possible wolf territory locations, regardless of the size of the area.
Results
Model selection
MCP home-range selection
Strong positive and negative correlations were found between several study variables (Fig. 2) . As the variables 'people' and 'human influence' were highly correlated, we decided not to use 'human influence' in modeling, as the variable 'people' was considered more relevant for the study in question. The variable 'open' was also removed from the studied variable list at this point, as other variables were more relevant. The deciduous and mixed forests variable (deciduous and mixed forests > 30 years old, or 'dec_mix') was removed from the global model, as it had a very high VIF value (Table 2) . At the second stage of VIF calculation, we removed the forest age class variable '15-30'. Removal of the 'dec_ mix' and '15-30' variables reduced all the other VIFs to a tolerable level (Table 2) .
There were two plausible models (ΔAIC < 2), and as reflected by the Akaike weights, there was uncertainty in model selection (Table 3) . Nevertheless, the following general patterns are worth noting. The model that included people and water was ranked as the best model to approximate variation in the occurrence of wolf territories in the data. The variable 'people' was included in both of the best models, whereas the models that did not include this variable all had ΔAIC > 7 (Table 3) , and were not therefore supported by the data. As the proportion of the human-occupied grid cells was included in the top models, it is unlikely that any of the models not including the variable 'people' would be the best model. Model-averaged parameter values revealed that the probability of occurrence of a wolf territory decreased with an increasing proportion of human habitation and water. The forest age variables were not included in the top two models (ΔAIC < 2). The model-averaged slopes (β values) of the variables, their standard errors and confidence intervals are presented in Table 4 . Notably, the 95% confidence intervals of the variable 'water' include zero, so there is little evidence that variables other than 'people' affect wolf home-range selection.
Kernel home-range selection
Strong positive and negative correlations were found between several study variables (Fig. 3) . Due to the high correlation between the variables 'people' and 'human influence', we decided to use the variable 'people' only, which was considered to be more relevant than 'human influence'. We also did not use the variable 'open', as it correlated with the variable '0-5', and this forest age variable was more relevant. The forest age variable '0-5' was removed from the global model, as it had a very high VIF value (Table 5) .
Removing this variable reduced all the other VIFs to a tolerable level (Table 5 ). There were four plausible models (ΔAIC < 2), and as reflected by the Akaike weights, there was uncertainty in model selection ( Table 6 ). The variable 'people' was included in all four top-ranking models. Again, all the models that did not include the variable 'people' had ΔAIC > 6 (Table 6 ) and were not supported by the data. The other two variables in the top-ranking models were 'conifer' and 'forest age group 5-15'. The model-averaged slopes (β values) of the variables and their standard errors for core area models are presented in Table 7 . Notably, the 95% confidence intervals of the variables 'conifer' and 'forest age group 5-15' include 0, so there is little evidence that variables other than 'people' affect the selection of core areas inside the wolf home ranges (Table 7) . 
Model evaluation and predictions
An independent sample of ten wolf home ranges was used to evaluate the probabilities predicted by the models. The mean probabilities (± SE) of these home ranges ranged between 0.46 ± 0.22 and 0.81 ± 0.09. Most of these home ranges had a probability of occurrence greater than 0.60 (Table 8) .
Mapping of the predictions for wolf home ranges, when home range sizes were not taken into account, indicated that 33% of the study area had a predicted value of over 0.5 for the occurrence of a wolf home range (Fig. 4) . for any forest type over the areas dominated by the presence of humans, and closer inspection of the data excluding human influence might have revealed a pattern of forest preference. In a previous study, a pattern of preference and avoidance was found among closely-tracked Finnish wolves at the scale of the summer territory and local movements, as almost all the wolves showed preference for open-woodland habitats and avoided coniferous forests (Gurarie et al. 2011) . These preference patterns are probably reflections of prey preferences and habitat use (Gurarie et al. 2011) . The primary prey of the wolf in Finland is the moose (Gade-Jørgensen & Stagegaard 2000, Kojola et al. 2004) . Differences in prey population sizes around the study area is useful for determining the average size of wolf territories and density of wolves in areas occupied by wolves but ungulate density does not do well in predicting the presence of wolves (Fuller 1989 , Fuller et al. 2003 . We did not model the effects of moose population densities on this selection, since moose densities averaged from 0.22 to 0.45 km -2 , and were thus higher than the density of prey to which wolves respond numerically (Fuller 1989 , Messier 1994 , Perterson et al. 1998 . In Scandinavia, where moose densities are also high, moose density does not significantly affect the probability of wolf occurrence (Karlsson et al. 2007) .
We carried out the modeling in two parts. This study revealed the same clear pattern of avoidance of areas where human disturbance is greatest as in previous studies (Kaartinen et al. 2005 , Gurarie et al. 2011 . Poaching has only recently been investigated in Finland, but as in Scandinavia (Liberg et al. 2012) , it may have a substantial impact on the wolf population in Finland. It may also be one of the underlying influences on habitat use by wolves. The whole study area (i.e. Finland, excluding the reindeer management area) can be assumed to be available as territory for wolves to occupy, since they are highly capable of dispersing over very long distances (van Camp & Gluckie 1979 , Fritts & Mech 1981 , Ballard et al. 1983 , Messier 1985 , Merrill & Mech 2000 , Wabakken et al. 2001 , Kojola et al. 2006 , 2009 . Therefore, the pattern of home ranges being biased in the population core area in east-central Finland is likely to have ecological significance. The area predicted to be best for wolf occupation is larger in east-central Finland, whereas in southern and western Finland there are smaller patches that are not connected to each other, and habitable sites are often smaller than the average size of wolf home ranges.
